Abstract: The aim of this study was to compare the in vitro caries inhibition of various resin-based materials. Class V cavities were prepared in twenty-five freshly extracted human premolar teeth which were then restored with glass-ionomer cement (Chemfill II), compomer (Compoglass F, Dyract AP) and composite resin (Tetric Ceram and Z 100). The teeth were submerged in an acid gel for 6 weeks. Each specimen was sectioned. These sections were left in water for 24 hours, and then examined using polarized light microscopy. The lesion consisted of two parts, the outer surface lesion and the cavity wall lesion. There was no significant difference in the body depth of the outer lesion and in the depth of the wall lesion among teeth restored with Compoglass F, Dyract AP and Chemfill II (P > 0.05). There was a significant difference between those restored with Z 100 and Tetric Ceram (P < 0.05). The length of the wall lesion for the teeth restored with Chemfill II was significantly smaller than that in the remaining groups (P < 0.05). The length of the wall lesion for teeth restored with Tetric Ceram and Z 100 was significantly higher than in the remaining groups (P < 0.05). These results suggest that composite materials and compomer provide less caries inhibition than glass-ionomer cements. (J. Oral Sci. 46, [45][46][47][48][49][50] 2004) 
Introduction
Secondary caries is a significant reason for the replacement of dental restorations (1, 2) . Marginal leakage is thought to be responsible for development of secondary caries (3) (4) (5) . The release of fluoride by dental materials is aimed at inhibiting secondary caries. Fluoride contributes to anticariogenicity by inhibiting tooth demineralization and increasing the potential for tooth structure remineralization. For these reasons fluoride has been added into various restorative materials (6) . One such material is glass ionomer cement, which possesses the property of releasing fluoride ions into the adjacent tooth structure and preventing microleakage and secondary caries. Another restorative material that releases fluoride is compomer, which possesses some properties that are characteristic of glass ionomers and some that are characteristic of composites. Recently composite resin has been formulated to release fluoride (7) (8) (9) . Fluoride uptake has been shown to occur in enamel and dentine adjacent to fluoride-releasing composite resin material (10) .
The aim of this study was to compare the caries inhibition of fluoride-containing restorative materials at the margins of class V restorations using an acidified gel technique to create caries-like lesions around restorations.
for orthodontic purposes. After extraction the teeth were washed, cleaned and stored in distilled water. Class V cavities measuring approximately 3 × 1.5 × 3 mm were prepared on both buccal and lingual surfaces of each tooth using a fissure diamond bur (836/012-6 ML Diatech, Switzerland) in a high-speed handpiece with water cooling. The bur was always held at right angles to the tooth surface to produce a cavosurface angle close to 90°. The cavity margins were finished with a flat bur (837/014 North Bel Int. Italy) using a slow-speed handpiece. After rinsing with water, the cavities were dried with air and filled with the restorative materials presented in Table 1 . Five different restorative materials were used in the study and each restorative material was used to restore a group of five teeth. Since cavity preparations were made on both buccal and lingual surfaces, there were ten cavity preparations altogether for each different restorative material.
Group 1 was restored with Chemfill II (DeTrey, Dentsply, Germany). The cement was mixed at room temperature and placed into the cavity, and then coated with the manufacturer's recommended varnish.
Group 2 was restored with Compoglass F (Vivadent Ets., Schaan/Liechtenstein). The tooth was etched with 37% phosphoric acid gel (Etching Gel Vivadent Ets, Schaan, Liechtenstein) for 15 s. The etching gel was thoroughly rinsed off with water and the preparations were dried.
According to the manufacturer's instructions, Syntac ® Single-Component™ was applied to the enamel and dentin surfaces. Compoglass F was then incrementally applied in accordance with the manufacturer's instructions. It was light-cured for 40 s.
Group 3 was restored with Dyract AP (Dentsply DeTrey GmbH, Germany). The tooth was etched with 36% phosphoric acid gel (De Trey Conditioner) on cavity surfaces for 15 s beginning at the enamel margins, then thoroughly rinsed, and excess water was removed. According to the manufacturer's instructions, Prime & Bond ® 2.1 was applied to the enamel and dentin surfaces. Dyract AP was immediately and incrementally applied in accordance with the manufacturer's instructions. It was light-cured for 40 s.
Group 4 was restored with Z 100 (3M USA). The tooth was etched with 37% phosphoric acid gel (Gel Etchant, Kerr Corporation, CA, USA) on cavity surfaces for 15 s begining at the enamel margins, then the etching gel was thoroughly rinsed off and excess water was removed by gentle air blowing. According to the manufacturer's instructions, Scotchbond Multipurpose Primer was applied to the enamel and dentin surfaces, and then Scotchbond Multipurpose Adhesive (3M Dental) was applied. Z 100 was later incrementally applied in accordance with the manufacturer's instructions. It was light-cured for 40 s. ith a dwell time of 20 s. The teeth were then coated with an acid-resistant varnish within 1 mm of the cavosurface margins surrounding the restorations. The teeth were immersed in acid gel for 6 weeks at 37°. The gel contained 10% methylcellulose and 0.1 M lactic acid, and the pH was adjusted to 4.5 with potassium hydroxide. At the end of the exposure period each specimen was removed from the gel, washed in distilled water and sectioned longitudinally through the restorations using a diamond sectioning saw. The section thickness was about 80 -100 µm. The sections were then soaked in water for 24 hours and examined using polarized light microscopy. The lesion consisted of two parts, the outer surface lesion and the cavity wall lesion. Figure 1 shows schematically the location of the outer and wall lesions. All measurements from the two sections of each lesion were averaged and the results were compared statistically using the Mann-Whitney U test.
Results
After a six-week period of exposure to acidified gel, caries-like lesions were produced. Figures 2 to 5 show these outer and wall lesions. Table 1 shows the measurements of lesions around the restorative materials of the test groups. Table 2 shows a statistical comparison of lesions found in different restorative materials. When the results of the outer lesions were evaluated, it was found that there was no significant difference in the body depth of the outer lesion among teeth restored with Compoglass F, Dyract AP and Chemfill II (P > 0.05). There was significant difference between Z 100 and Tetric Ceram (P < 0.05), both of which had significantly higher values than the other groups (P < 0.05).
When the results of the wall lesions were evaluated, it was found that there was no significant difference in the depth of the wall lesions among teeth restored with Compoglass F, Dyract AP and Chemfill II (P > 0.05). There was also no significant difference between Z 100 and Tetric Ceram (P > 0.05). Tetric Ceram and Z 100 had significantly higher values than the other groups (P < 0.05).
When the results of the wall lesion length were evaluated, it was found that the teeth restored with Chemfill II had significantly smaller wall lesion length than the other groups (P < 0.05). There was no significant difference between Compoglass F and Dyract AP (P > 0.05). There was significant difference between Z 100 and Tetric Ceram (P < 0.05). Tetric Ceram and Z 100 had significantly higher values than the other groups (P < 0.05). OL: Outer surface lesion is measured as the largest distance lesion. WL: Wall lesion is measured as the largest distance between the restoration and inner border of lesion. WLL: Wall lesion length is measured from enamel surface to the innermost extended portion of the WL towards the dentinoenamel junction.
Discussion
Although the materials have been developed in recent years, microleakage has still not been prevented between the tooth and the restorative material. If microleakage of bacteria, fluids and acidic products takes place along the enamel-restoration interface, secondary caries is likely to develop (6) . The development of secondary caries around any restorative material is determined by the materials (shrinkage, solubility, fluoride content, permeability) and its clinical performance (6, 11) . Histological studies of natural enamel caries and chemical studies of artificial lesions have provided a deeper understanding of the phenomenon of caries lesion formation (12) . Although many model systems have been developed to simulate the caries process, most of these systems have been limited to the study of demineralized enamel. One of the systems most commonly used to stimulate enamel demineralization is the acidified gel technique (13) (14) (15) .
In this study, the efficiency of creating caries-like lesions by using an acid-gel technique has been investigated and the cariostatic effects of fluoride-containing materials have been compared.
The results showed that glass-ionomer cement had an inhibiting effect on the formation of caries-like lesions when compared to compomers and composite resins. Glass ionomer cements produced a reduced lesion height close to the fillings. This effect is presumed to be related to the dissolution of fluoride from the material. It has been shown in previous studies that glass-ionomer materials provide significant protection against caries-like attacks at the enamel and restoration interfaces (16) (17) (18) (19) . The fluoride released from glass-ionomer cement is not lost over time but becomes incorporated into the mineral component of enamel, cementum and dentine, possibly as fluoridated hydroxyapatite (20) . The glass-ionomer cements protected not only the cavity wall but also the zones adjacent to the restoration. This could be because the cement has better quality fluoride that is liberated in greater quantities (21) . Fluoride release from conventional glass-ionomer cements has been shown in vitro to be taken up into adjacent enamel and results in reduced enamel solubility (22, 23) . A large amount of fluoride is released initially, followed by a relatively constant smaller amount over an extended period of time (22, 23) . Compoglass F provided similar caries inhibition in vitro to that of Dyract AP. Both of these materials were less able to inhibit caries than glass-ionomer cement. Millar (23) found that there is no significant difference between these compomers and they provide less caries inhibition than glass-ionomer cement. A compomer has been shown not to take up fluoride (24) therefore the clinical caries inhibition around a compomer is likely to remain less than that around a conventional glass-ionomer cement.
When the composites of the study were evaluated, the results indicated that the fluoride-containing composite resin had a greater tendency to inhibit the development of carieslike lesions than the non fluoride-containing composites. Fluoride-containing Tetric Ceram showed a greater inhibitory effect on caries-like lesions than Z 100, probably because Z 100 does not contain fluoride. Dijkman et al. (25) used fluoride and non fluoride-containing composite resins and found that fluoride-contaning composite resins reduced demineralization. Dionsopholus et al. (26) showed that in fluoride-releasing composite resin restorations, recurrent caries lesions were not reduced significantly more than in non fluoride composite resin restorations. Donly (9) demostrated that Heliomolar releases fluoride not only to inhibit caries, but also to remineralize incipient caries in vitro.
In conclusion, this in vitro study showed that glass ionomer cement and compomers may significantly reduce secondary caries in enamel. Although compomers are less effective than glass-ionomer cements in inhibiting secondary caries, they can be used as an alternative in class V restorations. If a class V composite resin restoration is to be placed, the use of fluoride-containing composite resin would be the most appropriate. 
